Background. This study investigated the performance of patients with idiopathic Parkinson's disease (PD) without dementia for incidental recognition memory and the effect of encoding strategies on contextual memory. Methods. The authors studied 21 patients with PD (ages 60-85, 12 women; Hoehn and Yahr I-III, Activities of Daily Living 70%-100%) and 22 healthy controls (ages 60-84, 18 women). Participants completed the vocabulary subtest of the Wechsler Adult Intelligence Scale and the Wisconsin Card Sorting Test (WCST). To assess the incidental recognition memory for item (object) and context (location of the object), participants of each group were assigned to 1 of 2 encoding conditions: (a) an incidental associative instruction to bind the object to its location or (b) a nonassociative, nonspecific instruction. Results. PD patients showed performance comparable to the control group's on the vocabulary subtest and WCST. In contrast to controls, PD patients were unable to take advantage of the associative encoding instruction, which also had a deleterious effect on item recognition. Conclusion. This sample of participants with PD showed diminished item and context recognition memory and an impaired ability to use incidental memory encoding strategy, suggesting a compromised cognitive reserve. The fact that these alterations occurred in early stages of PD, and prior to more general cognitive alterations such as executive dysfunction, should be considered in the management of patients by using specific cognitive rehabilitation interventions.
Introduction
Besides the classical motor symptoms, the presence of cognitive problems even in the earliest stages in Parkinson's disease (PD) has been suggested by a growing body of neuropsychological evidence. [1] [2] [3] Domains of cognition that are related to frontal network function appear to be the most affected, and the better defined deficits are executive in nature, affecting the ability to plan, organize, and regulate goal-directed behavior. These deficits seem to be supported by disturbances of the dopaminergic system in PD, especially in important cognitive regions like the orbital cortex and prefrontal cortex (PFC) and their connections with basal ganglia and the thalamus. 4 Concerning memory function, many researchers have described memory deficits in PD as secondary to poor executive function. Executive deficits affect memory processes such as encoding and retrieval strategies, monitoring responses, and forming context-dependent associations. 5 Typically, memory problems in PD are observed in tasks with higher executive demand, [6] [7] [8] which require the temporal organization of the material to be recalled along with categorization and association. However, recognition memory deficits have also been reported in PD patients with normal executive measures compared with matched controls. 9, 10 Evidence from neuroimaging studies suggests that medial temporal lobe decline occurs even in PD patients without dementia, 11, 12 indicating that memory problems are not only secondary manifestations of domaingeneral exec utive problems.
In most of the previous studies, the characterization of memory deficits in PD has been obtained from tasks that require information to be learned intentionally, that is, with conscious effort to acquire and maintain them. However, as observed from daily life, memories are often incidentally retained, without a prior intention to memorize. Previous results showed that comparing intentional and incidental encoding of verbal material (eg, words), PD patients had deficits only when no specific orienting instructions to recall were provided. 13 Examining the dichotomy of content versus context, another study 14 showed that PD patients without dementia had memory deficits for intentional word learning, whereas the incidental retention of contextual information related to the words (eg, temporal order, spatial location, and frequency of occurrence) remained at an agerelated performance level. As pointed out by the authors, although these findings suggest that spared incidental learning in PD is limited to contextual information, no study has yet compared incidental learning of content and contextual information directly in a representative PD patient group.
Despite neuropsychological evidence concerning cognitive performance on PD, little is known about the cognitive difficulties that patients face in their everyday lives. Previous studies showed that cognitive impairment has a significant impact on the quality of life in PD 15 and that PD patients without dementia self-reported attention and memory problems that characterized them as more distractible and having difficulties in recalling important details of previous days. 16 One factor that could be involved in such episodic autobiographical memory decline is the inefficient binding, or association, of contextual features. At least in part, this associative deficit could be a result of poor or inappropriate use of encoding (acquisition) strategies. As pointed out by Johnson et al, 17 PD patients reported significantly less use of memory strategies than age-matched controls, particularly with regard to external memory strategies (eg, making lists). This suggests that the training of effective strategies might be a useful therapeutic tool in this population. Therefore, we assessed whether PD patients could take advantage of associative encoding instructions to improve their memory.
We investigated the performance of patients with idiopathic PD but without dementia on recognition memory tasks under incidental encoding. We used a naturalistic experimental paradigm (eg, photos of objects displayed on house indoors) to assess recognition memory for content (object) and context (location). We also examined if PD patients would benefit from specific, but incidental, associative instructions at encoding to bind item and context.
Methods Participants
Participants were 21 older adults diagnosed with idiopathic PD who took regular medication (ages 60-85; 12 women), and were selected at the Movement Disorders Clinic of the Hospital de Clínicas de Porto Alegre (Porto Alegre, Brazil), and 22 older adult controls (ages 60-84; 18 women) who were recruited from the community. Patients with PD had to fulfill the UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria to be included. 18 The clinical stage of PD was evaluated according to the classification on Hoehn and Yahr. 19 Patients included had to rate up to stage III on Hoehn and Yahr's classification system (advanced PD patients were not included). Neuropsychological evaluation and memory tasks were applied in patients during the "on" medication cycle. Exclusion criteria for the present study included being on psychotropic medication (except to treat PD complications) and having neurological disorders or injuries known to have significant direct effects on cognitive functioning (eg, traumatic brain injury, multiple sclerosis, stroke), major unstable medical illnesses (eg, metastatic cancer), and cognitive impairment as evidenced by a Mini Mental Status Examination 20 (cutoff adjusted for education in a Brazilian sample 21 ). Chronic diseases (eg, diabetes mellitus, hypertension) did not constitute exclusion criteria if the participant was medically stable. All participants were assessed on the 15-item Brazilian-validated version 22 of the Geriatric Depression Scale (GDS) 23 and also on the Schwab and England Activities of Daily Living Scale (ADL). 19 This study was approved by the Research Ethics Committee of Pontifical Catholic University, Porto Alegre, RS, Brazil, and all participants gave informed consent.
Neuropsychological Measures
Participants completed neuropsychological tests to compare cognitive ability across experimental groups, including the vocabulary subtest of the Wechsler Adult Intelligence Scale (WAIS III) 24 -a measure of general intelligence-and the Wisconsin Card Sorting Test (WCST) 25 for exec utive function assessment. Based on previous research on executive function in PD patients 1,2 and the results of a factor analysis of the WCST in relation to recognition memory performance, 26 the number of categories completed (ranging from 0 to 6) and the number of perseverative errors were used as WCST indexes.
Memory Task
The materials and procedures for the assessment of the recognition memory for objects and context have been described elsewhere. 27 In brief, the task involved photographs of a large number of objects from different semantic categories (household appliances, tools, toys, and clothing) placed in 2 locations: a living room and an office. A total of 32 objects were used as critical stimuli for the memory task; 16 of these were used during the study phase, and 16 served as distracters during the recognition test. For the study session, participants of each group (PD or control) were systematically assigned to 1 of 2 encoding conditions by the date of their recruitment in the study. These conditions relied on the judgment of each photograph with a 2-choice question: (a) concerning how much they use the object in daily activities (nonassociative instruction) and (b) how well each object fits in the room (incidental associative instruction). Thus, there were 4 experimental subgroups: PD with nonassociative instruction, PD with associative instruction, controls with nonassociative instruction, and controls with associative instruction. The incidental associative encoding strategy should prevent memory deficits for context because participants were encouraged to integrate information about the item and context. Participants saw 16 pictures in this session and were unaware that a test session would follow. After a 5-minute interval, in which participants were engaged in a distracting activity, the memory test was given. The participants were shown 32 photographs in this session: each of the 16 studied objects (8 in the same context and 8 in the other context in relation to the study phase) and 16 unstudied objects, equally divided between the living room and the office. Participants responded verbally as to whether or not the object was one they had seen in the study session. If they indicated the object was an old one, 2 consecutive photographs of the object in each location were depicted on the computer screen and participants then made a context memory judgment, indicating in which of the 2 locations the object had appeared in the study session. The order of photograph presentation was randomized for each participant.
Data Analysis
Demographic and neuropsychological data common to the 4 experimental subgroups were analyzed with ANOVA, and the Tukey post hoc test was used whenever appropriate. Variables used to characterize PD patients (Hoehn and Yahr Stage, ADL, and disease duration) were submitted to an independent samples t test.
Recognition memory scores for objects (proportion of objects correctly identified as old) and context (number of objects attributed to the correct context divided by the number of objects correctly identified as old) were analyzed with a mixed-design ANOVA for repeated measures to examine differences between groups and encoding conditions, with object and context recognition scores as within-participant variables. Multiple comparisons among group mean differences were checked with Tukey post hoc tests. Independent and paired samples t tests were used whenever appropriate. Nonparametric data were analyzed with a c 2 test. Results are expressed as mean ± standard error, and P < .05 was accepted as statistically significant.
Results

Participant Demographic and Neuropsychological Characteristics
As shown in Table 1 , the 4 experimental subgroups did not differ in age, years of education, general intelligence, and executive function. The subgroups of PD patients were also equated on the Hoehn and Yahr stage, ADL scale, and disease duration. However, PD patients showed slightly but significantly lower Mini Mental Status Examination scores than the control subgroup that received the associative encoding instruction. Furthermore, the nonassociative encoding PD subgroup had a lower female/male ratio and higher GDS scores than the other experimental subgroups.
Context and Object Recognition Memory
Recognition performance for objects and contexts can be found in Figure 1 . The ANOVA revealed a main effect of group (F 1, 38 = 5.4; P = .025) indicating reliable performance differences between controls and PD patients. Context recognition scores were lower than object recognition scores for controls and PD patients, as evident in a main effect of type of recognition test (F 1, 38 = 154.99; P < .001) and confirmed by paired t tests (all P < .05). However, we found no significant effect of encoding instruction (F 1, 38 = 0.218; P = .643) except for its interaction with group (F 1, 38 = 37.064; P < .001) and type of recognition test (F 1, 38 = 5.960; P < .05). Thus, it seems that the associative instruction had different effects on the memory of controls and PD patients and that these effects are dependent on the type of recognition task. To further explore these issues, we performed planned comparisons to assess whether memory performance of participants from different groups and recognition tests differed as a function of encoding instruction. The ANOVA showed a significant difference between the subgroups in the recognition memory for context (F 3, 42 = 7.781; P < .001) and object (F 3, 420 = 6.506; P < .001). As expected, Tukey post hoc tests indicated that the associative encoding instruction could improve context recognition (P = .001) and had no effect on object recognition (P = .26) in controls. However, in addition to not improving contextual memory (P = .96), the use of the associative encoding instruction on PD patients disrupted their object recognition memory, as can be seen by their lower recognition scores in relation to the control and PD subgroups submitted to the nonassociative encoding condition (P < .001; Figure 1 ). These evident differences in the benefit of associative encoding instruction on memory performance between patients and elderly controls led us to examine whether these differences remained after taking into account the between-group differences in demographic and neuropsychological measures that possibly could alter the interpretation of our results. Analysis of covariance with sex and scores on GDS were carried out. Differences in WCST indices were inclu ded in the model even in the absence of significant differences between the groups because of their high reported predictive value in memory performance. 22 The ANCOVAs showed that GDS scores, but neither sex (F 1, 38 = 0.11; P = .91) nor performance on WCSTcompleted categories (F 1, 35 = 3.37; P = .07) perseverative errors (F 1, 35 = 1.13; P = .29) had a significant effect as a covariate (F 1, 38 = 7.41; P = .01) but the resulting adjustment of the means for the groups' differences in this variable could not eliminate differences between the scores on the object recognition memory task between the experimental groups (F 3, 38 = 4.24; P = .01). The analysis for contextual memory showed that neither GDS scores ( 
Discussion
In the present study, incidental memory performance of PD patients and how they could benefit from environmental support, such as by using encoding strategies, were investigated. First, we found that patients with idiopathic PD have recognition deficits for context in relation to item. Second, we demonstrated that an associative incidental strategy to bind an item to a context did not improve PD patients' recognition performance. Finally, we found that the strategy also has an unexpected deleterious effect on item recognition.
The characteristic age-related difference in recognition memory for item and context was observed in our sample of PD patients. Extensive literature refers to preserved item memory (central information or event) and impaired contextual memory (background or source of information) in older adults. 28 A well-accepted view points out that older adults are impaired in binding or associating units of information to form a cohesive memory. 29, 30 These operations are dependent on the medial temporal lobe (hippocampal and parahippocampal regions), which bind aspects of a complex event into an integrated memory trace, and on the PFC, which is believed to organize incoming information, thereby enhancing binding in the hippocampus. 31 Thus, age-related disruptions in the neural processes of these structures seem to be involved in impairment of contextual memory. 32 Although neural substrates of memory function on PD are not well understood, the inherent frontal pathology associated with the disease supports our results. Previous studies on strategies or conditions in which contextual memory deficits associated with aging could be reduced or eliminated have shown that the key point is the perception by the participant of the relation between an item and its context during encoding. 33 Previous evidence also shows that the introduction of an incidental encoding strategy can reverse the underrecruitment of PFC seen in older adults who rely on their own self-initiated strategies. 34 As in these and other previous studies, 27 our elderly controls could benefit from the introduction of an associative encoding strategy to improve their contextual memory. PD patients, however, were not able to use the strategy. Moreover, the introduction of the associative encoding strategy not only could not improve contextual recognition but also significantly impaired object recognition.
Several factors should be taken into account to interpret these results. The recognition task required that the participant remember where (context) an object (item) was. Thus, if the participant had trouble with item encoding, then, impairment in context recognition is expected. The issue is that the performance on the object recognition task was dependent on the incidental encoding instruction that the patients received. In the nonassociative condition, scores were similar to the control group; in the associative encoding condition, scores were lower than those of controls and PD patients in the nonassociative condition. These results suggest an interference of the background (context) on patients' performance because the recognition deficit was observed only when patients judged how well each object fit in the room-that is, when the patient was induced to simultaneously analyze 2 stimuli: the object and its context. Biased attention to background scenes at the expense of object processing is related to aging 35 and expected to be exacerbated in PD patients because the pathophysiology of the disease has important effects on attention. [1] [2] [3] If these patients are more easily distracted or have greater difficulty in maintaining normal surveillance, then they probably will have more difficulty in acquiring information about items depicted in complex contexts such as the environments shown in the photographs of our study. Given the importance of controlling interference from perceptual and semantic distractors, 36 it would be important to evaluate the effects of attention training, such as those previously tested in other clinical conditions 37 in patients in early stages of PD, and its relationship with the associative encoding strategy used in the present study.
Another aspect that should be taken into account is the potential effect of dopaminergic medication on mechanisms involved in the memory functions tested because our patients were in the on phase of medication, and previous works have reported differential effects of dopaminergic therapy on cognition. 38 Studies of the different components of executive function have shown that the cognitive abnormalities seen in PD are the result of a complex interaction between specific task components and their neurological substrates, the severity of disease, and its treatment. 38 Dopaminergic treatment that moves a patient toward his or her motor optimum may move the same patient away from the cognitive optimum. 39 This seems to be related to the characteristic spatiotemporal progression of dopamine cell degeneration in PD, which in mild to moderate phases of the pathology is more severe in the ventrolateral tier of the substantia nigra pars compacta, resulting in greater deficits of cognitive functions depending more on the dorsolateral PFC than the ventrolateral PFC. 40 Different studies have suggested that the medication dose sufficient to restore motor and cognitive functions of the dorsolateral PFC circuitry effectively overdoses and impairs function in the less-affected ventrolateral PFC. 41 According to the study of Dennis et al, 42 the aging deficits of contextual memory are related to a reduction in bilateral dorsolateral PFC activity. However, one of the compensatory mechanisms of these age-related deficits in healthy elders seems to be an increase in the activity in the ventrolateral PFC. Thus, it is possible that the dopaminergic medication has negative effects on the ventrolateral PFC activity, decreasing the capacity to make comparisons between or judgments about remembered stimuli and the initiation of encoding and retrieval strategies, impairing the use of the associative encoding strategy between item and context.
A limitation regarding the present study that needs to be addressed is the sample size. Although our memory tasks were designed to be very sensitive and thus enable its use in small samples, it is understandable that a larger sample would have been more accommodating in drawing stronger conclusions regarding the effects of the encoding strategy on contextual memory because it is not possible, in a small sample, to control for all aspects that could potentially affect memory performance. This is the case of cognitive enhancers. Although none of our PD patients was under treatment with a recognized cognition enhancing drug, we did not control for nonpharmacological agents such as physical exercise and cognitive stimulation, which have controversial but possible effects on memory performance. 43, 44 Another aspect is related to the psychiatric complications of PD. As depression, anxiety, and psychotic symptoms are common (review in Schneider et al 45 ), most of the patients (including those in the present study) are treated with psychotropic medication. The relative importance of these medications and their association with the dopaminergic drugs on impairments related to the use of associative encoding strategies by PD patients could not be analyzed in our study.
Despite these limitations, the present study contributes to the characterization of memory function in idiopathic PD, showing that these patients have deficits even in tasks with low cognitive effort, such as recognition under incidental learning. What is important is that the deficits were observed in the absence of abnormal executive functioning (eg, WCST scores) as compared with controls. A longitudinal study with a community-based cohort of patients with newly diagnosed Parkinsonism demonstrated that heterogeneous cognitive deficits, with both frontostriatal and posterior neural bases, and postural and gait dysfunction, were predictors of dementia. 46 Given this prognostic evidence, it would be extremely important to follow patients without dementia for a better understanding and management of their cognitive problems. Although the spontaneous implementation of encoding and retrieval strategies differs greatly across individuals, future studies are needed to investigate the validity of the encoding strategy used in the present study in rehabilitation programs for PD patients in order to implement compensatory use of cognitive strategies to support learning. It would be necessary to test the effects of the implem entation of encoding strategies, such as the one we used in our study, on activities of contextual recall and incidental learning and even in physical rehabilitation programs as a cue for gait and posture control, and the generalization of its possible positive effects to a realword setting. Substantial evidence supports cognitive rehabilitation of mild memory problems in other neurological samples, such as traumatic brain injury patients, 47 but cognitive rehabilitation is still considered experimental and investigational for the treatment of cognitive impairment in PD. Moreover, there are a number of ongoing studies trying to identify pharmacological agents targeting cognitive dysfunction in PD patients, some of them with promising effects on the prefrontal circuitary, 48 and the investigation of their effects on memory abilities also comprises an emergent question for future research. In sum, cognitive and pharmacological strategies to improve the ability to correctly recognize not only the item but especially the contextual attributes of the previously presented information can contribute to maintaining independence with disease progression and advancing age because this ability is essential to people to monitor their experiences in time and space.
Declaration of Conflicting Interests
